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Introduction {#sec005}
============

Self-esteem {#sec006}
-----------

Self-esteem, according to Rosenberg \[[@pone.0203680.ref001],[@pone.0203680.ref002]\] is an emotional attitude toward oneself and one's own competencies. It is a kind of global self-assessment. Rosenberg says that high self-esteem means that one considers oneself as \"good enough\", a valuable person, whereas low self-esteem means that one is dissatisfied with oneself, an object of rejection. In order to evaluate global self-esteem, the Rosenberg Self-Esteem Scale (RSES) was created, a scale that has become highly popular \[[@pone.0203680.ref001]--[@pone.0203680.ref003]\].

RSES has commonly been used to measure global self-esteem in the deaf and hard of hearing (DHH) population \[[@pone.0203680.ref004]--[@pone.0203680.ref009]\]. It has also been adapted to sign language, e.g. in the United States \[[@pone.0203680.ref004]\] and Israel \[[@pone.0203680.ref007]\]. There are many variables that affect self-esteem. It increases with age up to 50--60 years and then decreases (for a review see \[[@pone.0203680.ref010]\]); is higher in people with better education \[[@pone.0203680.ref011]\], higher with better quality partner/marital relationships \[[@pone.0203680.ref012]\], and lower in the unemployed \[[@pone.0203680.ref013]\]. On the other hand, gender seems to have no effect on self-esteem \[[@pone.0203680.ref010],[@pone.0203680.ref013]\], although there are studies which show a slightly higher self-esteem in men \[[@pone.0203680.ref010],[@pone.0203680.ref014]\].

Outline of the current study {#sec007}
----------------------------

The present study on global self-esteem concerns adults with deafness or partial deafness. For our purposes, deaf adults are considered here to be those whose hearing loss meets the criteria of severe or profound hearing loss \[[@pone.0203680.ref015]\]. Adults with partial deafness are considered to be those who have normal hearing (or at least only moderate hearing loss) in the low frequency range but severe or profound hearing loss at high frequencies \[[@pone.0203680.ref016]\]. Usually, the hearing of both of these groups of individuals is so degraded that hearing aids (HAs) may not provide appropriate and adequate auditory benefit. A cochlear implant (CI) then becomes a viable option to overcome the problem \[[@pone.0203680.ref017]\]. A CI is an electronic hearing prosthesis whose main part is surgically implanted into the cochlea and bypasses nonfunctional parts of the inner ear. It transforms sound into electric signals that in turn stimulate the auditory nerve. As a result, a person with a CI is able to hear sounds and most subjects can understand speech, although comprehension via a CI is still far less than with natural hearing. Nevertheless, despite its limitations, it has been well documented that CIs improve hearing and quality of life \[[@pone.0203680.ref018]--[@pone.0203680.ref021]\]. In Poland, the first CIs were obtained by adults with post-lingual deafness in 1992 \[[@pone.0203680.ref022]\]; one year later they were given to adults with pre-lingual deafness \[[@pone.0203680.ref023]\]; and since 2002, adults with partial deafness have been implanted \[[@pone.0203680.ref024]\].

In many studies of global self-esteem, the concept has been associated with how well people function in the psychosocial sphere \[[@pone.0203680.ref010], [@pone.0203680.ref025]--[@pone.0203680.ref026]\]. It has been empirically confirmed that, at least in the general population, self-esteem is a good mental health predictor \[[@pone.0203680.ref026]\]. Likewise, in a heterogeneous population of deaf or hard of hearing (DHH) individuals, it has also been shown to be an important indicator of mental health and general quality of life \[[@pone.0203680.ref005], [@pone.0203680.ref027]--[@pone.0203680.ref028]\].

Pre-lingual and post-lingual hearing loss {#sec008}
-----------------------------------------

Pre-lingual deafness is usually associated with childhood difficulties in developing speech and language \[[@pone.0203680.ref029]--[@pone.0203680.ref034]\]. Surprisingly, however, these same difficulties can also often become apparent with sign language skills, especially when deaf children live in the world of hearing families \[[@pone.0203680.ref035]--[@pone.0203680.ref036]\]. It seems that, for whatever reason, the majority of deaf people are susceptible to a problem in communicating effectively in a social (hearing) environment, so that impaired psychosocial functioning can in turn lead to social rejection, stigmatization and labeling, low-status jobs, and low economic status--all of which can adversely affect their self-esteem \[[@pone.0203680.ref009], [@pone.0203680.ref037]--[@pone.0203680.ref039]\]. For a deaf child to develop psychologically and thrive socially, including in terms of their self-esteem, the family context is important \[[@pone.0203680.ref040]--[@pone.0203680.ref041]\]. As expected, their day-to-day social milieu plays a significant role, and development depends on whether they are mostly immersed in a hearing environment or a Deaf environment, noting that the Deaf culture and its sign language constitutes a linguistic minority \[[@pone.0203680.ref004], [@pone.0203680.ref035],[@pone.0203680.ref037],[@pone.0203680.ref039],[@pone.0203680.ref042]--[@pone.0203680.ref043]\].

In the case of people with acquired deafness, i.e. those that are post-lingually deaf, hearing can be lost suddenly or gradually, but in either case the loss is often traumatic \[[@pone.0203680.ref008], [@pone.0203680.ref044]--[@pone.0203680.ref045]\]. Deafness is therefore looked upon as a severe handicap and loss \[[@pone.0203680.ref027]\], and it becomes a stressful life experience that can trigger negative changes in self-esteem \[[@pone.0203680.ref046]\]. Those who were not born DHH face different problems: they have no choice but to adapt to the disability, knowing for certain that their hearing has been irrevocably lost and that they must learn to live as a deaf person and find effective strategies to communicate in social interactions, either professionally or in family roles. They know no other circumstance and are forced to develop a new personal identity: including deafness into it as an optimal solution. It appears that the trauma undergone by people with post-lingual deafness is more conducive to lowered self-esteem \[[@pone.0203680.ref047]--[@pone.0203680.ref048]\].

Self-esteem and hearing loss {#sec009}
----------------------------

A meta-analysis of self-esteem in the DHH population in the 1990s concluded that self-esteem was lower than, or perhaps similar to, those with normal hearing \[[@pone.0203680.ref042]\]. However, a number of methodological deficiencies make it difficult to compare the results of such self-esteem studies (e.g., the use of self-esteem tools that do not take account of the specific language and communication modes of the DHH, and the large heterogeneity of the subjects--not only in the degree and etiology of deafness but also in the different family, educational, social, and socioeconomic status). The results of subsequent studies in adults with pre-lingual deafness also appear inconsistent in terms of self-esteem ratings in specific domains \[[@pone.0203680.ref049]--[@pone.0203680.ref050]\] or assessed globally \[[@pone.0203680.ref007],[@pone.0203680.ref009],[@pone.0203680.ref051]--[@pone.0203680.ref053]\]. However, the general finding is that people with post-lingual deafness have lower global self-esteem compared to normally hearing people \[[@pone.0203680.ref008],[@pone.0203680.ref027]\], although there are still only a limited number of studies on pre-lingually deaf adults \[[@pone.0203680.ref054]\]. For DHH CI users, the studies are even fewer (e.g. \[[@pone.0203680.ref055]\]).

Of particular interest, previous studies found that deaf adults whose parents used to communicate with them using sign language had generally higher self-esteem than those who used oral communication \[[@pone.0203680.ref005]\]. The latter, typically forced to use lip reading, experienced a sense of isolation and exclusion from family conversations, which often had negative effects on their self-esteem \[[@pone.0203680.ref038]\]. Notwithstanding, there are also some other findings on deaf adolescents and young adults which showed no effect from how the family communicated \[[@pone.0203680.ref056]\]. In terms of the mental health of deaf adolescents, some authors point to the important role of the (hearing) mother--(deaf) child interaction \[[@pone.0203680.ref057]\]. Taken together, satisfactory communication at home can be seen as a good predictor of self-esteem \[[@pone.0203680.ref058]\].

In initial studies on DHH, it was argued that social benefits, including better self-esteem, were provided by education in schools for the deaf, even though integrated schools provide academic advantages \[[@pone.0203680.ref059]\]. Later studies indicate that higher levels of global and domain-specific self-image emerge from mainstreamed DHH adolescents \[[@pone.0203680.ref058],[@pone.0203680.ref060]\]. Some others conclude that the self-esteem of deaf people bears no relationship to the type of education \[[@pone.0203680.ref038],[@pone.0203680.ref042]\].

When considering the relationship between self-esteem and various deafness-related factors, the role of Deaf identity or Deaf acculturation also needs to be taken into account. Research shows that deaf people who are culturally Deaf but who also have bicultural identities appear to show higher self-esteem \[[@pone.0203680.ref038],[@pone.0203680.ref061]--[@pone.0203680.ref062]\], while those with marginal identity score at lower levels \[[@pone.0203680.ref062]\]. Lower self-esteem also seems to be associated with marginal acculturation \[[@pone.0203680.ref005],[@pone.0203680.ref063]\], while a study by Hintermair \[[@pone.0203680.ref005]\] found that hearing acculturation in DHH people was positively correlated with self-esteem.

On the other hand, many factors *do not* play a role in deaf people's self-esteem: whether the person communicates in sign language or speech (or bilingually--speech and sign language) does not appear to matter; similarly, neither does age or sex \[[@pone.0203680.ref004]--[@pone.0203680.ref005],[@pone.0203680.ref009],[@pone.0203680.ref038],[@pone.0203680.ref056]\]. However, education has been shown to be a good predictor of self-esteem in adults with varying degrees of hearing loss, even when they used a variety of communication modalities (25% of those interviewed used only oral communication) \[[@pone.0203680.ref009]\].

One would think that the degree of hearing loss would be a major factor in self-esteem, but findings indicate that the degree of hearing loss is unrelated to psychological distress (taking note that distress is itself negatively correlated with self-esteem of DHH subjects) \[[@pone.0203680.ref027],[@pone.0203680.ref064]\]. In just a few studies, the level of mental distress in DHH patients was compared between pre- and post-lingual groups: the result was that the post-lingual group had higher distress compared to pre-lingual patients \[[@pone.0203680.ref027]\], suggesting that a similar relation might hold in terms of global self-esteem. There are also results indicating that people with only mild hearing loss have worse psychosocial functioning than the profoundly deaf \[[@pone.0203680.ref065]--[@pone.0203680.ref066]\] or those with normal hearing \[[@pone.0203680.ref067]\], suggesting they have lower self-esteem compared to these groups.

Rationale for the present study {#sec010}
-------------------------------

In view of the previous findings mentioned above, there is much about self-esteem that still needs to be clarified, particularly when the CI factor is added. Few studies focus on the global self-esteem of DHH adults in general, and research on the self-esteem of DHH individuals who have opted for a CI is scant e.g. \[[@pone.0203680.ref008],[@pone.0203680.ref054]\]. Indeed, it appears rather strange that in a time when CIs are now common and there has been much research aimed at improving the quality of life of this group of deaf adults \[[@pone.0203680.ref018]--[@pone.0203680.ref021], [@pone.0203680.ref068]--[@pone.0203680.ref069]\], studies have not directly focused on global self-esteem. Indirectly, of course, they suggest that a CI enhances global self-esteem, but hard evidence is lacking. Empirical research on the global self-esteem of DHH people will give us the data needed to frame future research and provide the best possible interventions. We should always keep in mind that despite the technological advances in medicine, the different types of hearing implants, and the diverse patient groups now eligible for a CI, deafness and hearing loss remain risk factors to mental health.

Aim of the study {#sec011}
----------------

The purpose of the study was to assess the global self-esteem of deaf and partially deaf subjects who have used one CI from adulthood. To achieve this, the RSES was used in its Polish adaptation \[[@pone.0203680.ref001]--[@pone.0203680.ref003]\]. In particular, we wanted to explore how self-esteem connects with certain variables related to deafness and CI: hearing loss (deafness or partial deafness); pre- or post-lingual hearing impairment; duration of CI use; configuration of hearing prosthesis (CI or CI + HA); satisfaction with CI; and sociodemographic variables such as gender, age, education, partnership or marital status, and employment or learning status. Finally, we wanted to investigate the methodological question of whether the RSES structure is unidimensional or two-dimensional (with positive and negative items), as there are some different views on this matter (e.g. \[[@pone.0203680.ref002]--[@pone.0203680.ref003]\]).

Material and method {#sec012}
===================

Participants {#sec013}
------------

The study group consisted of 120 CI users aged 22 to 60 years old. Sociodemographic information on them is presented in [Table 1](#pone.0203680.t001){ref-type="table"}. All participants had been CI users since adulthood, i.e. after the age of 18, and they had only a single CI. Some of them used a HA in the non-implanted ear. Half the subjects had pre-lingual hearing loss and the other half had post-lingual hearing loss. Those with pre-lingual deafness were either born deaf (congenital hearing loss) or became deaf prior to speech and language acquisition. The subjects with post-lingual deafness lost their hearing after they had developed speech (over 3 years of age). Within each subgroup, 30 were deaf and 30 had partial deafness. Deafness is defined here as severe or profound hearing loss at all pure tone audiometric frequencies (\>70 dB HL at frequencies 0.25--8 kHz); partial deafness is defined as severe or profound hearing loss at audiometric frequencies above 1 kHz, with at least 70 dB HL threshold from 0.25 to 1 kHz. Subjects with partial deafness experience significant difficulties in comprehending speech, even though they hear the sound of it \[[@pone.0203680.ref068], [@pone.0203680.ref070]--[@pone.0203680.ref071]\]. The result is that they often encounter barriers in communicating with people, and fail to respond in a social situation. They often have a sense of life \"on the border\" of two worlds: deaf and hearing.

10.1371/journal.pone.0203680.t001

###### Sociodemographic data, data related to deafness and CI use, and Cronbach's α for the Rosenberg Self-Esteem Scale of study participants.

![](pone.0203680.t001){#pone.0203680.t001g}

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                   Deafness        Partial deafness   All participants                                                   
  ------------------------------------- -------------------------- --------------- ------------------ ------------------ --------------- --------------- --------------- ---------------
  *N*                                                              30              30                 60                 30              30              60              120

  Age (yr)                              Mean (SD)                  35.73 (9.93)    42.43 (11.19)      39.01 (11.02)      37.73 (12.78)   44.40 (10.24)   41.07 (11.97)   40.08 (11.50)

  Range                                 23--59                     23--60          23--60             22--60             23--59          22--60          22--60          

  Gender                                Male (%)                   50.0            50.0               50.0               50.0            50.0            50.0            50.0

  Female (%)\                           50.0                       50.0            50.0               50.0               50.0            50.0            50.0            

  Educational status                    Primary or secondary (%)   66.7            83.3               75.0               73.3            63.3            68.3            71.7

  Diploma or university (%)             33.3                       16.7            25.0               23.3               26.7            25.0            25.0            

  No response (%)                       \-                         \-              \-                 3.3                10.0            6.7             3.3             

  Marital (partnership) status          In relationship (%)        43.3            43.3               43.3               46.7            56.7            51.7            47.5

  Not in relationship (%)               56.7                       56.7            56.7               53.3               40.0            46.7            51.7            

  No response (%)                       \-                         \-              \-                 \-                 3.3             1.7             0.8             

  Employment (or study) status          Employed (%)               63.3            63.3               63.3               53.3            56.7            55.0            59.2

  Unemployed (%)                        36.7                       36.7            36.7               30.0               33.3            31.7            34.1            

  No response (%)                       \-                         \-              \-                 16.7               10.0            13.3            6.7             

  CI experience (years)                 Mean (SD)                  4.23 (1.99)     3.60 (1.99)        3.92 (2.00)        4.07 (2.26)     5.11 (2.78)     4.59 (2.56)     4.24 (2.31)

  Range                                 2--6                       2--6            2--6               1--10              1--9            1--10           1--10           

  Configuration of hearing prosthesis   CI (%)                     26.7            50.0               38.3               30.0            66.7            48.3            43.3

  CI+HA (%)                             73.3                       50.0            61.7               66.7               33.3            50.0            55.9            

  No response (%)                       \-                         \-              \-                 3.3                \-              1.7             0.8             

  CI satisfaction (%)                   Mean (SD)                  76.54 (20.83)   77.14 (24.21)      76.84 (22.40)      77.40 (17.27)   83.05 (16.84)   80.12 (17.15)   78.43 (20.02)

  Range                                 23.60--100.0               15.53--100.0    15.53--100.0       33.54--100.0       45.34--100.0    33.54--100.0    15.53--100.0    

  Cronbach's α                                                     0.864           0.906              0.872              0.879           0.875           0.886           0.879
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Data related to deafness and CI use was also recorded: time of onset of hearing impairment (pre-lingual/post-lingual); amount of hearing loss (deafness/partial deafness); years of CI experience; configuration of hearing prosthesis (CI or CI+HA); and satisfaction with their CI ([Table 1](#pone.0203680.t001){ref-type="table"}). Satisfaction with their CI is defined as the subjective state of the CI user which reflects the overall feeling of benefit (audiological and nonaudiological) attributable to their CI, including quality of life and general psychological well-being \[[@pone.0203680.ref008]\].

As a reference, a group with normal hearing (1121 persons aged 15 to 55 years) and tested with the Polish adaptation of RSES was used \[[@pone.0203680.ref002]\].

Data on the duration of hearing loss was also collected for post-lingual subjects (*M* = 29.1 years, *SD* = 13.8, range = 1--56) and age at the time of implantation (*M* = 35.9 years, *SD* = 11.8, range = 18--58). The duration of hearing loss in pre-lingual subjects was identical to age, and age at the time of implantation was very strongly correlated with age (*r* = 0.97, *p* \<0.001).

It should also be emphasized that the study group did not include pre-lingually deaf people who were raised primarily with sign language in a Deaf environment; neither did it include people with a bilingual education (where the deaf child simultaneously acquires both spoken language and sign language) who are still recognized in Poland as members of the deaf population, even if they have a CI. The subjects here did not know sign language (there was a specific question on this in the survey form), they had completed mainstream or integrated education with hearing persons at various levels, and, as can be inferred indirectly, they had hearing acculturation. In terms of language and communication, they used only spoken Polish. They were therefore a homogeneous group which can be considered audiologically deaf (but not culturally Deaf or bicultural). Subjects who acquired a CI during childhood or adolescence were also not included, because such people are young, and the present study wanted to focus on subjects in early to middle adulthood (18 to 60 years).

Study procedure {#sec014}
---------------

All procedures were approved by the ethics committee of the Institute of Physiology and Pathology of Hearing, Warsaw (approval number: IFPS:/KB/02/2014). No written consent was provided, since the study was based on anonymous questionnaires.

A survey form was used to collect information on sociodemographic variables (gender, age, education, employment or study status, partner or marital status), and variables related to deafness and CI, such as when hearing loss occurred and how long a CI had been used. One question asked about satisfaction with the CI, and the respondents marked the extent to which they were satisfied with their CI on a visual analog scale (a line with no markings except at the ends: 0--dissatisfied; 10--very satisfied). The line, 161-mm long, fitted across the page of the form. The respondent's response was measured in millimeters and converted to a percentage. This variable did not meet the assumptions of a normal distribution and was converted to a logarithm. More about the method of measuring satisfaction with a CI can be found elsewhere \[[@pone.0203680.ref008]\]. Finally, subjects also received a RSES form \[[@pone.0203680.ref001]--[@pone.0203680.ref002]\], described below.

The research was conducted by mail. Respondents received a letter requesting anonymous and voluntary participation, questionnaires, and a survey form. The study was conducted in two stages: the first reached out to people with pre- or post-lingual deafness, for which the response rate was 64.0%. The second stage was addressed to subjects with partial deafness, for which there was a very similar response rate (63.5%).

Rosenberg's Self-Esteem Scale (RSES) {#sec015}
------------------------------------

The Rosenberg Self-Esteem Scale (RSES) \[[@pone.0203680.ref001]\]; in Polish adaptation \[[@pone.0203680.ref002]\], measures global self-esteem, which is considered a relatively enduring feature. It consists of 10 items, 5 formulated positively (\#1, 3, 4, 7, 10), e.g. "I take a positive attitude toward myself"; and 5 framed negatively (\#2, 5, 6, 8, 9), e.g. "All in all, I am inclined to feel that I am a failure". The scale is assumed to be one-dimensional, as was the case in its Polish adaptation \[[@pone.0203680.ref002]\]. However, some researchers, as a result of their analyses, believe that RSES has a bi-factor solution, where one factor is positive and the other negative \[[@pone.0203680.ref003],[@pone.0203680.ref072]\]. Confirmatory factor analysis (CFA) was applied to our dataset to investigate the goodness-of-fit of a bi-factor model in which two factors grouping positive and negative items were assumed. The bi-factor model did not show a good fit to the data: *χ*^2^(34) = 87.42; *p*\<0.001; CFI = 0.89; NFI = 0.84; RMSEA = 0.12. According to Hu and Bentler \[[@pone.0203680.ref073]\] a good model fit should provide insignificant *χ*^2^-values. For CFI, the cut-off value should be 0.90 or greater; for NFI a value above 0.90 is considered acceptable. Good model fit is indicated by an RMSEA value of 0.06 or less. According to these criteria, a bi-factor model for RSES verified in people with hearing loss must be considered inadequate.

In the RSES, respondents consider each statement and indicate to what extent it applies to themselves. It uses a 4-point Likert scale, ranging from strongly agree (4) to strongly disagree (1). RSES scores are therefore in the range of 10 to 40 points, and the higher the score, the higher the self-esteem. Rosenberg considers that high self-esteem means that the subject is convinced that he is \"good enough\", a valued person.

In the present study, Cronbach alpha for all subjects was 0.88 and in the subgroups with different hearing loss and with different onset (pre- and post-lingual) ranged from 0.86 to 0.91 ([Table 1](#pone.0203680.t001){ref-type="table"}).

Results {#sec016}
=======

Global self-esteem in the study group ranged from 17 to 40 points (the higher the value, the more positive self-esteem). The mean self-esteem level was *M* = 28.20, standard deviation *SD* = 4.87. The distribution of the variable was normal (*Z* = 0.07, *p* \> 0.05).

Self-esteem in relation to sociodemographic variables {#sec017}
-----------------------------------------------------

Global self-esteem for subgroups with different sociodemographic characteristics is presented in [Table 2](#pone.0203680.t002){ref-type="table"}. The self-esteem of deaf people with a CI was related to gender, with men having higher self-esteem (*M* = 29.17, *SD* = 4.89) than women (*M* = 27.23, *SD* = 4.69). Self-esteem was also related to education: deaf people with higher education had higher self-esteem (*M* = 30.37, *SD* = 4.46) than people with basic or secondary education (*M* = 27.37, *SD* = 4.74). Marital (partnership) status was another important factor for high self-esteem: deaf people in a relationship had higher self-esteem (*M* = 29.42, *SD* = 4.78) than those who were not (*M* = 27.10, *SD* = 4.75). Self-esteem was also related to occupation: deaf workers (and students) had higher self-esteem (*M* = 29.07, *SD* = 4.96) than non-working (or non-studying) people (*M* = 26.56, *SD* = 4.53). All these differences were significant (*p* \<0.05).

10.1371/journal.pone.0203680.t002

###### Average results of RSES in relation to sociodemographic data (standard deviations shown in brackets).

Data for normally hearing subjects were taken from Dzwonkowska et al. \[[@pone.0203680.ref002]\].

![](pone.0203680.t002){#pone.0203680.t002g}

  ----------------------------------------------------------------------------------------------------------------------------------------
                                                        Study group    *p*            Normally hearing\   *p* (norm vs hearing impaired)
  ------------------------------ ---------------------- -------------- -------------- ------------------- --------------------------------
  All                                                   28.20 (4.87)                                      

  Gender                         Male                   29.17 (4.89)   **\<0.05**     29.94 (4.26)        NS

  Female\                        27.23 (4.69)                          29.19 (4.28)   **\<0.01**          

  Educational status             Primary or secondary   27.37 (4.74)   **\<0.01**                         

  Diploma or university          30.37 (4.46)                                                             

  Marital (partnership) status   In relationship        29.42 (4.78)   **\<0.01**                         

  Not in relationship            27.10 (4.75)                                                             

  Employment (or study) status   Employed (%)           29.07 (4.96)   **\<0.01**                         

  Unemployed (%)                 26.56 (4.53)                                                             
  ----------------------------------------------------------------------------------------------------------------------------------------

NS, not significant

As the unemployed were significantly older than the employed, an analysis of covariance taking age into account was also performed, which confirmed that self-esteem was related to employment (or study): *F*(1,109) = 5.76; *p* = 0.018; *e*^2^ = 0.05.

It was also found that self-esteem tended to decrease with age, but the correlation was not significant.

Self-esteem in relation to hearing status {#sec018}
-----------------------------------------

Individual results of RSES for all subjects are shown in [Fig 1](#pone.0203680.g001){ref-type="fig"}. [Table 3](#pone.0203680.t003){ref-type="table"} presents descriptive statistics for self-esteem in groups of persons differentiated by time of onset of hearing loss (pre-lingual/post-lingual) and degree of hearing loss (deafness/partial deafness). There were no statistically significant differences between the subgroups (deafness vs partial deafness).

![Individual results of RSES for all subjects.\
The dashed lines separate subgroups with different time of onset of hearing impairment and amount of hearing loss.](pone.0203680.g001){#pone.0203680.g001}

10.1371/journal.pone.0203680.t003

###### Average results of RSES in relation to onset and degree of hearing loss (standard deviations shown in brackets).

Data for normally hearing subjects were taken from Dzwonkowska et al. \[[@pone.0203680.ref002]\].

![](pone.0203680.t003){#pone.0203680.t003g}

                                *N*            Study group    *p*            Normally hearing   *p* (study group vs norm)
  ------------------ ---------- -------------- -------------- -------------- ------------------ ---------------------------
  Pre-lingual        Deafness   30             28.67 (4.65)   NS             29.49 (4.28)       NS
  Partial deafness   30         28.40 (4.92)                  29.49 (4.28)   NS                 
  Total              60         28.53 (4.75)                  29.49 (4.28)   NS                 
  Post-lingual       Deafness   30             26.90 (5.07)   NS             29.49 (4.28)       **\<0.01**
  Partial deafness   30         28.83 (4.84)                  29.49 (4.28)   NS                 
  Total              60         27.87 (5.01)                  29.49 (4.28)   **\<0.01**         
  Total              Deafness   60             27.78 (4.90)   NS             29.49 (4.28)       **\<0.01**
  Partial deafness   60         28.62 (4.84)                  29.49 (4.28)   NS                 
  All                           120            28.20 (4.87)                  29.49 (4.28)       **\<0.01**

NS, not significant.

A two-way analysis of variance was performed to test whether self-esteem is related to time of onset and degree of deafness. Time of onset of deafness, the amount of hearing loss, and their interaction, were statistically insignificant.

Self-esteem was positively correlated with satisfaction with the CI: *r* = 0.28; *p* = 0.002. The configuration of the hearing prosthesis (CI vs CI+HA) was not significant for self-esteem. There was also no significant relationship between self-esteem and duration of CI experience.

Self-esteem in CI users in comparison to those with normal hearing {#sec019}
------------------------------------------------------------------

Dzwonkowska et al. \[[@pone.0203680.ref002]\] reported data on global self-esteem level in the general Polish population, which makes it possible to compare the self-esteem of people with hearing loss and a CI with those with normal hearing. The results of the comparison are shown in Tables [2](#pone.0203680.t002){ref-type="table"} and [3](#pone.0203680.t003){ref-type="table"}.

In dealing with the sociodemographic data, it was only possible to make comparisons for different genders. Female CI users had lower global self-esteem (*M* = 27.23, *SD* = 4.69) than normally hearing females (*M* = 29.19, *SD* = 4.28), whereas male CI users did not differ in self-esteem from normally hearing males ([Table 2](#pone.0203680.t002){ref-type="table"}).

CI users had significantly lower self-esteem (*M* = 28.20, *SD* = 4.87) than those with normal hearing (*M* = 29.49, *SD* = 4.28), and this difference was primarily due to lower self-esteem in those with profound hearing loss and post-lingual onset ([Table 3](#pone.0203680.t003){ref-type="table"}). Together, these two factors--profound hearing loss and hearing loss obtained post-lingually--are particularly strong in lowering self-esteem.

The combined effect on self-esteem of sociodemographic factors and variables associated with hearing loss {#sec020}
---------------------------------------------------------------------------------------------------------

To summarize the combined effect on self-esteem of sociodemographic factors and variables associated with hearing loss, multiple hierarchical regression was performed. All variables were entered into the model in two blocks: the first was the set of sociodemographic factors, the second was the block containing the variables associated with hearing loss and CI use.

The regression model was statistically significant: *F*(11,87) = 4.15; *p* \<0.001. The sociodemographic factors explained 27.9% of self-esteem variance (*R*^2^ adjusted = 24.0%), and after entering the variables associated with hearing loss, the explained self-esteem variance increased to 34.4% (*R*^2^ adjusted = 26.1%). The change in *R*^2^ was not statistically significant: *F*(6,87) = 1.43; *p* = 0.211, so the contribution of predictors associated with hearing loss and CI use to explain variance of self-esteem was rather small. [Table 4](#pone.0203680.t004){ref-type="table"} shows the outcomes of the regression model.

10.1371/journal.pone.0203680.t004

###### Multiple linear regression analysis for RSES of study group.

![](pone.0203680.t004){#pone.0203680.t004g}

                                        *b*     95% confidence interval   SE     β       *T*     *p*
  ------------------------------------- ------- ------------------------- ------ ------- ------- -------------
  Constant                              23.64   17.78; 29.49              2.95           8.02    **\<0.001**
  Gender                                1.55    -0.24; 3.34               0.90   0.16    1.72    0.089
  Age                                   -0.06   -0.17; 0.04               0.05   -0.14   -1.20   NS
  Educational status                    2.04    -0.05; 4.12               1.05   0.18    1.94    0.055
  Marital (partnership) status          3.22    1.37; 5.07                0.93   0.33    3.46    **\<0.01**
  Employment (or study) status          1.93    0.00--3.87                0.97   0.19    1.99    0.050
  Onset of hearing loss                 -0.57   -2.63; 1.49               1.04   -0.06   -0.55   NS
  Degree of hearing loss                0.05    -1.80; 1.89               0.93   0.01    0.05    NS
  CI satisfaction                       0.05    0.00; 0.09                0.02   0.19    2.01    **\<0.05**
  CI experience (years)                 0.16    -0.23; 0.55               0.20   0.07    0.81    NS
  Configuration of hearing prosthesis   -1.13   -3.02; 0.75               0.95   -0.11   -1.19   NS
  Duration of deafness (years)          -0.02   -0.10; 0.07               0.04   -0.04   -0.35   NS

NS, not significant.

In the case of gender, the reference group was women; for education it was primary and secondary; for marital (partnership) status it was not in a relationship; for employment (or study) status it was unemployed. Regression results indicate that marital (partnership) status (presently in a relationship), and satisfaction with CI are significant predictors of self-esteem. They are associated with higher self-esteem, with the greatest impact on self-esteem (highest beta) among CI users being marital (partnership) status. Gender, employment (or study) status, and educational status tended to be significant predictors of self-esteem (for gender *p* = 0.089, for employment status *p* = 0.050, for educational status *p* = 0.055); so being male, being employed, and having better education are associated with higher self-esteem.

Discussion {#sec021}
==========

The present study has investigated the important psychological underpinnings of global self-esteem in a special population--DHH adults whose hearing loss had different onsets (pre- or post-lingual) and levels (profoundly deaf or partially deaf). All these participants received their CI only after they had become adult.

Self-esteem and variables associated with deafness and CI use {#sec022}
-------------------------------------------------------------

In overview, the subjects who had been using a CI since adulthood had lower self-esteem compared to the general normally hearing population. This finding corresponds with the existing literature on deafness \[[@pone.0203680.ref007]--[@pone.0203680.ref009], [@pone.0203680.ref042], [@pone.0203680.ref074]--[@pone.0203680.ref075]\]. Similar findings have also been found with adolescents \[[@pone.0203680.ref051], [@pone.0203680.ref076]\] and children \[[@pone.0203680.ref077]\]. In some adult studies, there have been some CI participants, but they were usually dispersed throughout the subject group, not specifically singled out for study \[[@pone.0203680.ref007], [@pone.0203680.ref009]\]. A clear outcome of our study is that the self-esteem of those who lose their hearing post-lingually, and to a profound level, is particularly vulnerable. These people had significantly lower RSES scores (i.e. less positive emotional appreciation of themselves and their competence) than the general population, a finding supported by related research \[[@pone.0203680.ref008], [@pone.0203680.ref027], [@pone.0203680.ref064]\].

Why should these people be so vulnerable? The present study has shown that neither the time of onset of hearing loss (pre- or post-lingual) nor level of hearing loss (deafness or partial deafness) explained why their level of global self-esteem was so low. Interestingly, earlier similar studies in the DHH population have shown no correlation between degree of hearing loss and psychological distress \[[@pone.0203680.ref027], [@pone.0203680.ref064], [@pone.0203680.ref075], [@pone.0203680.ref078]\]. However, people with profound hearing loss, especially if it occurred post-lingually, had a lower level of global self-esteem than the general population. On the other hand, individuals with partial deafness and who use a CI had a global self-esteem similar to the general population. This might be due to them having had a positive experience with their CI, as an earlier study of partial deafness subjects who were not CI users showed that their psychological functioning was generally poorer \[[@pone.0203680.ref067]\]. We also found that global self-esteem did not depend on whether subjects relied on a CI alone or on a CI in one ear and a HA in the other. The duration of experience with a CI did not seem to affect global self-esteem, even though the subjects were well-experienced CI users (the average length of CI use was 4.2 years).

The crux of the matter appears to be the attitude of the user towards their CI. Our results show that from the variables associated with hearing loss and CI use, the only highly significant predictor of high self-esteem was a high level of satisfaction with their CI. Of course, this is only a correlation, and it may be that those with higher self-esteem are likely to be more satisfied with their CI. One could imagine this may be because they perform tasks better, are more persistent, more active, or bring a more positive attitude than those with lower self-esteem \[[@pone.0203680.ref002],[@pone.0203680.ref025],[@pone.0203680.ref079]\]. It has been shown, for example, that people with higher self-esteem generally have a more positive attitude towards their hearing impairment, and more easily accept their hearing loss \[[@pone.0203680.ref080]\]. Alternatively, people with higher global self-esteem may be able to cope more effectively with the drawbacks associated with a CI (e.g., distorted or electronic-like sounds). In other studies we have done (although this time only on post-lingual CI users), the degree of global self-esteem also correlated very well with the degree of satisfaction \[[@pone.0203680.ref008]\].

Turning now to the difference between pre- and post-lingually deafened subjects, our results showed that the post-lingually deafened had the lowest self-esteem of all CI users. For some reason, they were most affected by the negative, devastating effects--the "trauma" as a number of our subjects called it--of profound or total loss of hearing \[[@pone.0203680.ref019],[@pone.0203680.ref044]--[@pone.0203680.ref045],[@pone.0203680.ref048],[@pone.0203680.ref081]\]. Therefore, this group of patients should be a priority for professional psycho-educational, psychological, and psychotherapeutic interventions aimed at maintaining their self-esteem. Similarly, other activities, such as joining informal support groups for post-lingually deaf people, might be beneficial in terms of providing social or emotional support. The psychological state of the post-lingually deaf \[[@pone.0203680.ref008],[@pone.0203680.ref044]\] is still not being adequately addressed by hearing and speech rehabilitation specialists. The stress induced by loss of hearing and its effects on life often fail to go away with time, and those who cannot deal with it need professional support.

Although the CI "works" in terms of acting as a hearing prosthesis and enabling perception of surroundings sounds and speech \[[@pone.0203680.ref017],[@pone.0203680.ref021],[@pone.0203680.ref071],[@pone.0203680.ref082]\], it is not as good as the natural hearing. Its electronic-like sounds are difficult to interpret, particularly for the post-lingually deaf, and can be a reminder of what they have lost. Frequently, a CI is not able, in itself, to rebuild the self-esteem of those affected by hearing loss. Moreover, the remedy provided by a CI takes a considerable time: first the surgery, then learning to interpret the novel sounds it provides, and finally to understand speech and achieve communication. A CI is not just a medical intervention involving the ear, but requires a total engagement and reorientation of a person\'s whole approach to life \[[@pone.0203680.ref083]\].

On the other hand, global self-esteem in other CI users--people with pre-lingual profound deafness or with partial deafness of pre- or post-lingual origin--was comparable to the self-esteem of the general population. This indicates that, among other things, a CI can certainly help these people achieve a good quality of life and high self-esteem. Motivation and a positive attitude are therefore essential to overcome the inherent limitations of a CI. In this respect it should be remembered that people who volunteer for CI surgery may already have higher than average self-esteem and a stronger desire to improve their quality of life, particularly as it relates to health and hearing \[[@pone.0203680.ref025]\]. Again, it should be recognized that our findings are only correlations, and cause and effect can only be guessed.

Self-esteem and sociodemographic variables {#sec023}
------------------------------------------

Among the group of sociodemographic variables it was found that being in a relationship was the biggest factor in elevating a CI user's level of self-esteem. However, among the study group only 47.5% were in a relationship, which is appreciably less than in the general Polish population, about 62% \[[@pone.0203680.ref084]\]. The lower proportion may be a reflection of the prevalence of psychosocial difficulties reported in pre-lingually deaf children and adolescents, including reduced social competence and difficulties making friends \[[@pone.0203680.ref085]--[@pone.0203680.ref087]\]. As for marriage and partnerships, deaf people generally have greater difficulty establishing intimacy compared to hearing persons \[[@pone.0203680.ref007]\]. At the same time, for people with post-lingual deafness, hearing loss and its consequences often have negative effects on existing relationships \[[@pone.0203680.ref006],[@pone.0203680.ref019],[@pone.0203680.ref045],[@pone.0203680.ref047]--[@pone.0203680.ref048]\]. At a more general level, recent studies in the wider population have shown that good quality relationships are conducive to self-esteem, and higher self-esteem is also likely to be responsible for creating closer relationships \[[@pone.0203680.ref010],[@pone.0203680.ref088]--[@pone.0203680.ref089]\].

We found that higher levels of education was another important factor promoting self-esteem. The same sort of relationship was obtained in Carter\'s 2016 study of self-esteem in deaf people of varying degrees and etiologies (although no data was shown on how many subjects used a CI) \[[@pone.0203680.ref009]\]. A similar trend has been found in the general population as well \[[@pone.0203680.ref010],[@pone.0203680.ref013]--[@pone.0203680.ref014]\]. Naturally, an association between self-esteem and higher education might also imply that people with higher self-esteem are generally more likely to work towards a higher education, and the same trend may also be evident in the DHH population.

In our study, male CI users tended to have significantly higher self-esteem than females, with the men having a level of self-esteem not much different to men in the general population. Female CI users not only had lower self-esteem than men, but also lower than that of normally hearing women from the general population. Most self-esteem studies of deaf people do not show such a difference between the genders. On the other hand, some studies of the general population do show that men tend to have higher self-esteem than women \[[@pone.0203680.ref010],[@pone.0203680.ref014]\].

Our findings showed that occupational activity (or learning) also appeared to be linked to global self-esteem, although it should be stressed that this sociodemographic variable had borderline predictive properties. However, in general, CI users who were professionally active, or studying, had higher levels of self-esteem. In our group, those who were actively working or studying were 59.2% of the total, which is similar to the percentage of those of working age in Poland-- 56.1% in 2016 \[[@pone.0203680.ref090]\]. The relatively high occupational activity of our study group might be related to the apparent beneficial role of CIs, since other studies have shown a generally lower employment rate of both pre- and post-lingually deaf people compared to the hearing population \[[@pone.0203680.ref047], [@pone.0203680.ref091]--[@pone.0203680.ref094]\].

RSES structure {#sec024}
--------------

Based on the results of the CFA, we can say that the two-way model (in which positive and negative items are placed in separate groups) was not confirmed with respect to the RSES results obtained in our study for DHH CI users. Perhaps this result reveals the specificity of the study population, which is expressed by a one-factor solution.

Limitations and proposals for the future {#sec025}
----------------------------------------

These studies are among the first to address the self-esteem of the DHH (including some who were partially deaf) who had used a CI from adulthood. However, the relatively small sample size is a limiting factor. In the future, it would be interesting to look at adult CI users who received a CI in early childhood and grew up with a CI. There are still only a few studies that have examined long-term outcomes based on reports from the patients themselves \[[@pone.0203680.ref059],[@pone.0203680.ref095]\]. Of course, global self-esteem would be one such long-term outcome.

An interesting population are those DHH people who are CI users but identify with the Deaf community, an important linguistic and cultural minority \[[@pone.0203680.ref035],[@pone.0203680.ref037],[@pone.0203680.ref039],[@pone.0203680.ref043],[@pone.0203680.ref054],[@pone.0203680.ref064]\]. Sign language is their first language, and their psychosocial development, including self-esteem, continue to be affected by the Deaf community. To take account of the special role of sign language, it would seem appropriate--irrespective of whether a person uses a CI or not--to adapt RSES to Polish Sign Language. In the original RSES, the majority of items assume high language competency. It would help if RSES were modified linguistically to make it accessible to those members of the DHH population who have limited competency in either spoken or sign language. A modified version would allow study of the self-esteem of graduates of special schools for the DHH, especially those who have serious limitations in spoken or sign language \[[@pone.0203680.ref032]‒[@pone.0203680.ref035]\].

A limitation of the presented study relates to its cross-sectional design and the purely correlational approach. This means we cannot say for sure that use of a CI contributes to raising global self-esteem, although the two factors are at least correlated. It seems reasonable to assume that the CI, through its ability to provide a form of hearing (and the associated nonaudiological benefits), will support psychosocial processes such as language development and interaction with the environment, and therefore help improve the quality of life of DHH people. In doing that, it appears to contribute to their global self-esteem.

Conclusion {#sec026}
==========

Self-esteem is important, especially for populations at risk of mental health problems, which is the DHH population. Despite all the unquestionable benefits of a CI as a hearing prosthesis, not all CI users deal completely with the trauma of hearing loss. Thus, as de Graaf and Bijl (2002) postulated more than 15 years ago \[[@pone.0203680.ref027]\], every effort should be made to psychologically support DHH people in accepting their deafness or hearing loss, and to raise and improve their global self-esteem--which will in turn reduce their mental distress. All interventions which aim to increase self-esteem--whether by psychological, psychoeducational, or psychotherapeutic means--help improve people's mental health and well-being \[[@pone.0203680.ref010]\]. There is no reason to think it is different when it comes to the DHH population.
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###### Individual data for all subjects.

(XLSX)

###### 

Click here for additional data file.
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